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ABSTRACT : PURPOSE: To prevent the breakage of a substrate and to reduce the variation of voltage 
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CONSTITUTION: The main electrode 3? of the semiconductor substrate 1 , whereon the Al 
main electrodes 2 and 3 are provided on both main surface, is brazed on the Mo 
compensating plate 5. On the side of the main electrode 2 of this device, the metal plate 8, 
whereon an Rh layer 9 was formed on the surface, (100~300|nm or so in thickness) such 
as Ag, Cu and the like, for example, having an excellent malleability and a ductility and a 
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An Mo compensating plate 4 is placed so as to contact the metal plate 8 and the whole 
compensating plates 4 and 5 are contacted by pressuring the main electrode conductive 
materials 6 and 7 consisting of a copper pole. Through these procedures, the contacting 
characteristic of the device is improved and Al alloying reaction and the like is hardly 
generated, thereby enabling to prevent the breakage of the substrate as well as to reduce 
the variation of a voltage drop value. 
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(54) Press contact type semiconductor device and converter using same 



(57) In accordance with a press contact type semi- 
conductor device, a metallic body 6 having macroscopic 
vacancies in its portion is arranged between a main 
electrode of the semiconductor device and a main elec- 



trode plate 5, or between an intermediate electrode 
plate 3 arranged on a main plain of the semiconductor 
element 1 and a main electrode plate 5, respectively. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a press con- 
tact type semiconductor device, particularly, to a press 
contact type semiconductor device capable of ensuring 
an uniform contact condition between semiconductor 
elements and package electrodes, and of decreasing 
thermal resistance and electrical resistance, and a con- 
verter using the same. 

[0002] Technology of power electronics, wherein a 
main circuit current is controlled by using technology of 
semiconductor electronics, has been applied widely to 
various fields, and, furthermore, the applied fields have 
been still expanding. Semiconductor elements for 
power electronics are as follows: thyristor, light-trig- 
gered thyristor, gate-turn-off thyristor (GTO), insulated 
gate bipolar transistor (hereinafter, called IGBT) which 
is a MOS controlled device, metal oxide semiconductor 
field effect transistor (hereinafter, called MOSFET), and 
others. In these devices, main electrodes (cathode, 
emitter electrode) are formed on a first main plane of a 
semiconductor chip, and other main electrodes (anode, 
collector electrode) are formed on a second main plane 
of the semiconductor chip. 

In the semiconductor devices for large power such as 
GTO, light-triggered thyristor, and the like, the semicon- 
ductor element is packaged per every wafer. The both 
main electrodes of the above element have a structure, 
wherein the main electrodes are contacted by pressing 
with a pair of external main electrode plates in the pack- 
age via an intermediate electrode plate (buffer electrode 
plate for thermal stress) made of Mo or W. In order to 
improve uniformity of switching operation, large current 
turn-off capability, and the like, it is important to make 
contact conditions among the element electrodes, the 
intermediate electrode plates, and the external main 
electrode plates as uniform as possible, and to 
decrease contact thermal resistance and electrical 
resistance. Therefore, a countermeasure to decrease 
warps and waviness by improving precision (flatness, 
plainness) in manufacturing parts of the package has 
been generally adopted. 

[0003] On the other hand, a plurality of chips have 
been mounted mainly by a package composition of 
wire-connecting electrodes type called a module type 
structure in IGBT and the like. In case of the module 
type package, heat generated in the internal of the ele- 
ment chip is released from only one side of the package 
(a plane which has not been connected by wire), that is, 
the side of the package where the electrode has been 
mounted directly on a base substrate. Accordingly, ther- 
mal resistance is generally significant, and the number 
of chips which can be mounted on a package, and an 
usable current capacity (an amount of heat generation, 
or a mounting density) were limited. 
[0004] Currently, in order to solve the above problems 



and to respond to a demand for increasing the capacity, 
a semiconductor device having a press contacting 
structure of multichips in parallel, wherein a plurality of 
IGBT chips are assembled in parallel in a flat type pack- 
5 age so as to be capable of taking out an emitter elec- 
trode and collector electrode formed on the main planes 
of each chips by plane-contacting to a pair of external 
main electrode plates provided at the package, such as 
disclosed in JP-A-8-88240 (1996) has been receiving 
10 attentions. In accordance with the semiconductor 
device having a press contacting structure of multichips 
in parallel, variations in height of each position of every 
chips caused by variation in dimensions of the members 
(parts), and variations in warps and waviness of the 
75 main electrode plate per location can not be avoided. 
Accordingly, the pressure varies per chip, and uniform 
contacts can not be obtained. Then, the thermal resist- 
ance and the electrical resistance per position of every 
chips varied remarkably, and a serious problem that the 
20 characteristics of the elements were unstable as a 
whole was remained. As the most simply, the problem 
can be solved by using the members having severely 
precise dimensions. However, the above countermeas- 
ure can not be deemed as realistic, because increasing 
25 a production cost and a selection cost of the members 
can not be avoided. For solving the above problem, JP- 
A-8-88240 (1996) discloses a method to insert a soft 
metallic sheet having a ductility such as silver as a thick- 
ness correcting plate. 
30 [0005] The size of the element (wafer size) in the 
package of the GTO and the like will be increased for 
responding to the demand for increasing their capaci- 
ties in the future. Accordingly, the warps, waviness, and 
the like of the package members (electrode members) 
35 are in a trend to be increased in accordance with 
increasing the diameter of the element. The counter- 
measure to decrease warps and waviness by improving 
precision in manufacturing parts of the package (flat- 
ness, plainness) as described previously has a limit in 
40 manufacturing, and a serious problem in cost. Accord- 
ingly, it becomes increasingly difficult to ensure an uni- 
form contact between the wafer and the package 
members (electrodes) in the whole plane of the element 
size (wafer size), and to decrease the thermal resist- 
45 ance and the electrical resistance. 

[0006] On the other hand, in accordance with the 
method of inserting a soft metallic sheet disclosed as a 
countermeasure for solving the problem of uniform con- 
tact between chips of the semiconductor device having 
so a press contact structure of multichips in parallel as 
described previously, it has been revealed by study of 
the inventors of the present invention that the amount of 
deformation of the sheet is very little (deforming only by 
elastic deformation) with a pressure in the range of 
55 practical use, i.e. the pressure which does not destroy at 
least the semiconductor chip, and the amount of defor- 
mation is not sufficient for ensuring uniform contact 
when the variation in height per position of every chips 
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(and the height including the intermediate electrode 
members interposing the chip, and others) is remarka- 
ble. 

[0007] The reason can be estimated that, when a 
pressure is added to a soft metallic sheet in a thickness 
direction to cause a plastic deformation in a lateral 
direction as indicated schematically in FIG. 25, defor- 
mation resistance in the lateral direction becomes 
extremely large, even if the soft metallic material is 
used, due to a friction force (friction resistance) 56 gen- 
erated at the boundary between the electrode members 
54, 55 interposing the soft metallic sheet 53. Even if the 
pressure is increased in order to cause a plastic defor- 
mation, the friction force is increased in proportion to 
the pressure, and the plastic deformation can not be 
readily caused. Particularly, in a case of a sheet form, 
wherein the area receiving the resistance is remarkably 
larger than the thickness, influence of the friction force 
generated on the surface of the area becomes domi- 
nant, and even if a pressure exceeding the yield stress 
of the material known to the public is added, substantial 
plastic deformation (flow) is not caused practically, and 
the thickness of the soft metallic sheet is scarcely 
changed before and after pressing. 
[0008] The present invention is to provide a method 
for ensuring an uniform press contact condition on a 
large area region, which has been becoming more diffi- 
cult than ever in accordance with increasing the size of 
the package by increasing the diameter of the wafer, 
and with connecting multichips in parallel of the element 
corresponding to increasing the capacity. That is, the 
present invention is to provide a method, which is capa- 
ble of accommodating the variation in height of the con- 
tacting plane (warps, waviness, variation in dimensions 
of the members, and the like), and of decreasing the 
thermal resistance and electrical resistance at the con- 
tacting boundary planes. The second object of the 
present invention is to provided a converter preferable 
for a system of a large capacity by using the semicon- 
ductor device obtained by the above methods. 

SUMMARY OF THE INVENTION 

[0009] In accordance with the press contact type sem- 
iconductor device relating to the present invention, a 
semiconductor element comprising at least a first main 
electrode on a first main plane, and a second main elec- 
trode on a second main plane is assembled between a 
pair of main electrode plates, and a metallic body hav- 
ing macroscopic vacancies inside is arranged between 
electrodes of said semiconductor element and the main 
electrode plate. 

[0010] Furthermore, in accordance with the press 
contact type semiconductor device having a practical 
composition relating to the present invention, a semi- 
conductor element comprising at least a first main elec- 
trode on a first main plane, and a second main electrode 
on a second main plane is assembled between a pair of 



main electrode plates, and any one selected from at 
least a metallic netting, a plate manufactured to be une- 
ven, and a porous metallic plate is arranged between 
electrodes of said semiconductor element and the main 
s electrode plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

10 

FIG. 1 is a schematic cross section indicating a fun- 
damental composition of the present invention, 
FIG. 2 is a set of schematic illustrations indicating 
models of deformation processes of metallic netting 
15 caused by pressing, 

FIG. 3 is a graph indicating the effects of the pres- 
sure on the amount of deformation in the thickness 
direction or electrical resistance of the metallic net- 
ting, 

20 FIG. 4 is a set of cross sections indicating examples 
of cross sectional structure of metallic plates manu- 
factured to be uneven, 

FIG. 5 is a set of photographs indicating appear- 
ances of the metallic plates manufactured to be 

25 uneven, 

FIG. 6 is a set of schematic illustrations indicating 
models of deformation processes caused by press- 
ing the metallic plates manufactured to be uneven, 
FIG. 7 is a schematic cross section indicating an 

30 embodiment of the present invention applied to an 
IGBT, 

FIG. 8 is a schematic cross section indicating an 
embodiment of the present invention applied to an 
IGBT, 

35 FIG. 9 is a schematic cross section indicating an 
embodiment of the present invention applied to an 
IGBT, 

FIG. 10 is a schematic cross section indicating an 
embodiment of the present invention applied to a 

40 wafer size semiconductor element, 

FIG. 11 is a schematic cross section indicating an 
embodiment of the present invention applied to a 
wafer size semiconductor element, 
FIG. 12 is a schematic cross section indicating an 

45 embodiment of the present invention, 

FIG. 13 is a schematic cross section indicating 
another fundamental composition of the present 
invention, 

FIG. 14 is a graph indicating the effects of the pres- 
50 sure on the amount of thickness change or electri- 
cal resistance of porous metallic plate, 
FIG. 15 is a set of schematic enlarged illustrations 
indicating fine surface structures of the porous 
metallic materials, 
55 FIG. 16 is a schematic cross section indicating a 
cross sectional structure of the porous metallic 
material, whereon a dense metallic layer is formed 
on the surface, 



X3ID: <EP 093220 1A2 j > 



5 



EP 0 932 201 A2 



6 



FIG. 17 is a schematic cross section indicating a 
cross sectional structure of the porous metallic 
material, whereon a dense metallic layer is formed 
on the surface, 

FIG. 18 is a schematic cross section indicating an 5 
embodiment of the present invention applied to an 
IGBT, 

FIG. 19 is a schematic cross section indicating an 
embodiment of the present invention applied to an 
IGBT, io 
FIG. 20 is a schematic cross section indicating an 
embodiment of the present invention applied to an 
IGBT, 

FIG. 21 is a schematic cross section indicating an 

embodiment of the present invention applied to a 15 

wafer size semiconductor element, 

FIG. 22 is a schematic cross section indicating an 

embodiment of the present invention, 

FIG. 23 is a circuit diagram indicating composition 

of a bridge using the semiconductor device of the 20 

present invention, 

FIG. 24 is a circuit diagram indicating a composition 
of self-commutated converter using four bridges of 
the three phase bridge indicated in FIG. 23, and 
FIG. 25 is an illustration for explaining deformation 25 
behavior of the soft metal when it is pressed by a 
conventional method. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

[0012] A fundamental application state of the present 
invention is indicated in FIG. 1 . At least a first main elec- 
trode is formed on a first main plane, and a second main 
electrode is formed on a second main plane in a semi- 
conductor element 1. Intermediate electrode plates 2, 3 35 
composed of Mo, W, and the like are arranged above 
the both main electrode planes, and furthermore, a pair 
of main electrode plates (common electrode plates) 4, 5 
composed of Cu, or a Cu alloy are arranged at outer 
side portions of the intermediate electrode plates. In 40 
accordance with the present embodiment, a metallic 
body having macroscopic vacancies inside such as a 
metallic netting, or a metallic plate manufactured to be 
uneven 6, is inserted between the intermediate elec- 
trode plate 3 and the main electrode plate 5, and ail the 45 
members are contacted each other by pressing the 
whole together. FIG. 1 indicates examples in the order 
of increasing the total height of the member 1, 2, and 3 
by the position of (a), (b), and (c). Corresponding to 
these heights, the thickness of the metallic netting, or so 
the metallic plate manufactured to be uneven 6, which 
were a definite thickness before the pressing, have 
been decreased in the order of (a), (b), and (c) by crush- 
ing and thinning. That means, the metallic netting, or the 
metallic plate manufactured to be uneven, is deformed 55 
by pressing so that the total heights including the height 
of the metallic netting, or the metallic plate manufac- 
tured to be uneven (a sum of the heights of the mem- 



bers 1 , 2, 3, and 6) become equal at the positions of (a), 
(b), and (c), and their thickness is varied. Therefore, 
even in a case if each of the above members 1 , 2, and 3 
differs each other in thickness, and the main electrode 
plates 4, 5 have warps and waviness, the semiconduc- 
tor element can be mounted with ensuring a desirable 
press contact state at the plural chip positions (a), (b), 
and (c), and a semiconductor device having less varia- 
tion in thermal resistance and electrical resistance can 
be realized. In accordance with FIG. 1, an example 
wherein the metallic netting, or the metallic plated man- 
ufactured to be uneven 6 is inserted in the plane con- 
tacting with pressure facing to the main electrode plate 
5 and the intermediate electrode plate 3 is indicated. 
However, the inserted position can be at other contact- 
ing planes such as between the main electrode plate 4 
and the intermediate electrode plate 2, between the ele- 
ment 1 and the intermediate electrode plates 2, 3, and 
plural contacting planes can be used concurrently. Fur- 
thermore, the metallic netting different each other, or the 
metallic plates manufactured to be uneven different 
each other per each of the planes between the elec- 
trodes can be arranged. 

[001 3] FIG. 2 is a set of schematic illustrations indicat- 
ing a model of deformation processes of the metallic 
netting 9 provided between the electrode plate 7 and 
the electrode plate 8 caused by pressing. FIG. 2 (a) indi- 
cates a contacting state before causing a large pressure 
deformation, (b) indicates a state during deformation 
under pressing, and (c) indicates a state after the defor- 
mation is completed thoroughly by the applies pressure. 
FIG. 3 indicates the effects of the pressure on the 
amount of deformation in the thickness direction of the 
metallic netting, that is a variation in thickness, or elec- 
trical resistance when the metallic netting is contacted 
between two electrodes with pressure. 
[0014] In the states of FIG. 2 (a) and FIG. 3 (a), load- 
ing is too small, and the amount of deformation in the 
thickness direction of the metallic netting is small. Since 
the contacting electrical resistance between the elec- 
trode plate and the metallic netting depends signifi- 
cantly on the pressure, values of the electrical 
resistance is decreased remarkably in accordance with 
increasing the pressure. If further larger load is added, 
the metallic netting 9 provided between the electrode 
plate 7 and the electrode plate 8 is deformed signifi- 
cantly by compression as indicated in FIG. 2 (b) and 
FIG. 3 (b). That is, metallic wires (fiber) composing the 
metallic netting are deformed significantly with com- 
pression, and the thickness of the metallic netting is 
decreased. This is because the load is concentrated to 
the portion where the metallic netting is contacted with 
the electrode plates 7, 8, the pressure applied to this 
portion becomes extremely higher than the apparent 
pressure, and the metallic netting starts to be readily 
deformed by compression. Since the metallic netting 
has a large amount of openings, spatial restriction 
against the deformation of the pressed metal is 
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reduced, which is different from the case of a dense 
metallic foil (thin plate) indicated in FIG. 25, and the 
metallic netting is easily deformed by pressure. Accom- 
panied with this deformation, the contacting area 
between the surface of the electrode plate 7 and the 5 
electrode plate 8 with the metallic netting is increased. 
Furthermore, since the amount of deformation of this 
portion is significant, oxide film on the surface of the 
metal is broken and a desirable contact with newly gen- 
erated plane can be obtained. Therefore, the contacting w 
boundary planes generated at this time are in a very 
closely contacting state. In accordance with this effect, 
the electrical resistance is decreased further. 
[0015] After the deformation of the metallic netting is 
generated sufficiently, the pressure at the contacting is 
plane is not increased so much even if the loading is 
increased, because the electrode plates 7, 8 and the 
metallic netting 9 are contacted with a large area. Fur- 
thermore, since the deformation resistance is increased 
by the same reason as indicated in FIG. 25, variation 20 
rate of the amount of deformation is decreased as indi- 
cated in FIG. 2 (c) and FIG. 3 (c). Theoretically, if an infi- 
nite loading can be added, the deformation until the 
interval between the boundary planes can be filled com- 
pletely can be achieved. Practically, the interval can not 25 
be filled completely on account of the restriction of the 
loading and the like, and some portions are remained as 
uncontacted. However, the effect of the uncontacted 
portions to the electrical resistance is not significant, 
and a desirably small electrical resistance can be 30 
obtained. In accordance with observed results on the 
thermal resistance, approximately same behavior as 
the observed results on the electrical resistance was 
indicated. 

[0016] The metallic netting referred to in the present 35 
invention includes, in addition to a sheet of netting 
woven with metallic fiber by various weaving manner, a 
sheet of netting woven with conductive fiber such as 
carbon fiber and the like, and a sheet material having a 
complex structure composed of an organic resin of core 40 
and a metal of surface layer. The material for the metal- 
lic fiber can be selected from the group consisting of soft 
metals having a small electrical resistance and thermal 
resistance such as copper, aluminum, silver, gold, and 
the like; significantly soft metal such as soldering mate- 45 
rial and the like; materials of inexpensive and superior in 
oxidation resistance such as nickel, stainless steel 
(SUS), and the like; and materials superior in high tem- 
perature characteristics as Ni base alloys and the like 
such as inconei and the like; and the material having the so 
most suitable characteristics in consideration of the 
applied target can be selected. Corresponding to the 
amount of deformation, electrical resistance, and ther- 
mal resistance required in the region of necessary load- 
ing, optimization in using of various weaving manner 55 
such as plain weaving, twill weaving, plain tatami weav- 
ing, twill tatami weaving, and the like; various diameters 
of fiber; various mesh sizes; and others is desirable. 



Generally speaking, the amount of deformation can be 
increased if the diameter of the fiber is increased. On 
the other hand, in order to control the range of the load- 
ing wherein the deformation occurs, it is generally effec- 
tive to decrease the mesh size for increasing the 
number of contacting points of the netting with the elec- 
trodes. Since the amount of deformation of the complex 
sheet material, wherein resin fiber is coated with metal, 
can be made larger than that of the sheet material made 
of metallic fiber, it is particularly effective in use, which 
requires a large amount of elastic deformation. 
[0017] The metallic plate manufactured to be uneven 
referred to in the present invention means a metallic 
body, which is manufactured so as to have different 
thickness depending on positions, in contrast with con- 
ventional metallic plate, metallic foil, and metallic sheet, 
which generally mean a flat dense body having sub- 
stantially an uniform thickness. Metallic plates called by 
various names such as expanded metal, meshed metal, 
grid metal, slit metal, punched metal, embossing manu- 
factured plate, dimple manufactured plate, wave plate, 
and the like are included in the metallic plates of the 
present invention. Representative examples of shapes 
are indicated in FIG. 4 as the cross sectional shapes of 
the models, and examples of appearance photographs 
are indicated in FIG. 5 ((a) expanded metal, (b) slit man- 
ufactured plate, and (c) embossing manufactured 
plate). 

[0018] As an example of metallic plate manufactured 
to be uneven, a model of deformation processes of a 
wave plate 10 caused by pressing is indicated in FIG. 6. 
FIG. 6 (a) indicates a contacting state before causing a 
significant deformation by pressure, (b) indicates a state 
during deformation, and (c) indicates a state after defor- 
mation has been occurred sufficiently by pressure. In 
accordance with increasing the load, the wave plate 10 
provided between the electrode plate 7 and the elec- 
trode plate 8 is significantly deformed in a certain range 
of pressure, which is determined by the plate thickness, 
material of the plate, manufactured waving pitch, manu- 
factured shape, and others. That means, the waving 
shape portion which has been manufactured to be une- 
ven is deformed significantly by compressing, and thick- 
ness of the wave plate 10 is decreased. Different from 
the case of a dense metallic foil (thin plate) shown in 
FIG. 25, relatively large pressure deformation can re 
readily obtained, because a large number of spaces are 
existed around the portion manufactured to be uneven 
as much as manufactured to be uneven and the defor- 
mation of the pressed metal is scarcely restricted spa- 
tially. In accordance with the deformation, the contacting 
area of the surfaces of the electrode 7 and the electrode 
8 with the wave plate 10 is increased. Furthermore, 
since the amount of deformation of this contact portion 
is significant, the oxide film on the surface of the metal 
is broken and a desirable contact with newly generated 
plane can be obtained. Therefore, the contacting 
boundary planes generated at this time are in a very 
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closely contacting state. In accordance with these 
effects, the electrical resistance and the thermal resist- 
ance is decreased significantly. After the wave plate 10 
deformed significantly, the electrodes 7, 8 come to con- 
tact with the wave plate 10 by a remarkably large area, 
and the pressure per area is not increased so much 
even if the applied load is increased. Furthermore, the 
variation rate of the amount of deformation becomes 
small, because the deformation resistance is increased 
as same as the case shown in FIG. 25. 
[0019] As the material for the metallic plate, the mate- 
rial having the most suitable characteristics correspond- 
ing to the applied target can be selected from the group 
consisting of copper, aluminum, silver, gold, soldering 
material, nickel, stainless steel (SUS), and various 
alloys such as Ni base alloys and the like as same as 
the previous case. Regarding the thickness of original 
plate manufactured to be uneven, and the depth and 
pitches of the manufacturing to make uneven, the most 
suitable conditions corresponding to the amount of 
deformation, electrical resistance, and thermal resist- 
ance required for the necessary pressure range can be 
selected. The most suitable material and surface 
processing are desirably selected depending on the 
using condition of the semiconductor device based on 
which must be prior to whether decreasing the thermal 
resistance and electrical resistance, or improving the 
deformation capability. 

[0020] When ensuring the large amount of deforma- 
tion is desirable, any of a method of arranging the metal- 
lic netting, or the metallic plates manufactured to be 
uneven into plural different positions between elec- 
trodes, and a method of arranging a combined assem- 
bly of plural metallic netting, or plural metallic plates 
manufactured to be uneven into an interval between 
electrodes is desirable. When the combined assembly 
of the plural metallic netting or the plural metallic plates 
manufactured to be uneven is used, a pre-treatment to 
assemble them into a body previously is effective. 
[0021] Since these materials have elastic-plastic 
deformation capabilities, a return as much as the elastic 
deformation can be observed when the loading is dis- 
charged after deformed. However, the plastic deforma- 
tion corresponding approximately to the variation in 
height among mounted members can be ensured. In 
case of re-pressing, sufficient contacts can be ensured 
with the same pressure as previous pressure utilizing 
the elastic deformation. 

[0022] As a method for decreasing the contacting 
resistance between the metallic netting, or the metallic 
plate manufactured to be uneven with electrodes inter- 
posing them, forming a metallic layer, which is softer 
and more oxidation resistant than the metallic material 
of the metallic netting and the metallic plate, onto the 
surface of the metallic netting or the metallic plate by 
means such as printing, plating, and the like is desira- 
ble. Particularly, it is effective when a hard metallic 
material, or a readily oxidized metal is used. For 



instance, a Ni netting or a Ni plate manufactured to be 
uneven coated with a soft film made of Ag or Au, or a 
metallic netting or a metallic plate manufactured to be 
uneven made of Cu or Al having an oxidation preventing 

s film made of Ag or Au at its surface is used. 

[0023] Furthermore, as another method, a method of 
arranging a dense metallic foil onto the surface of the 
metallic netting, or the metallic plate manufactured to be 
uneven, and forming a body together can be used. For 

10 the above metallic foil, using a metallic foil which is 
softer and more oxidation resistant than the metallic 
material of the metallic netting and the metallic plate is 
effective. For instance, a metallic netting or a metallic 
plate manufactured to be uneven made of Cu or Al hav- 

15 ing a metallic foil made of any of Cu, Al, Ag, Au, and the 
like on its surface is used. 

[0024] In order to realize correction of heights, and 
decrease of electrical resistance and thermal resistance 
most suitably, not only a metallic netting or a metallic 

20 plate manufactured to be uneven, but also a soft metal- ' * 

lie foil can be arranged concurrently between the elec- 
trodes. For instance, a method for ensuring 
approximately same amount of deformation with the 
same loading even if the contacting areas differ each 

25 other by inserting an Au foil between the upper main 
electrode plate and the intermediate electrode plate, 
and inserting a metallic netting or a metallic plate man- 
ufactured to be uneven between the lower main elec- 
trode plate and the intermediate electrode plate is 

30 effective. 

[0025] FIG. 7 indicates an embodiment of the present 
invention applied to a reverse conductive type switching 
device, wherein a flywheel diode(FWD) 12 connected to 
a switching device using IGBT 1 1 in reverse parallel is 

35 integrated. FIG. 7 indicates a partial cross section from 
outer most portion of the press contact type semicon- 
ductor device at right side to the middle portion toward 
the center. In accordance with the IGBT chip 11, an 
emitter electrode is formed on almost whole plane of a 

40 first main plane at upper side, a collector electrode is 
formed on a second main plane at lower side, and, fur- 
thermore, an electrode for controlling (gate electrode) is 
formed on the first main plane. In accordance with the 
FWD 12, an anode electrode is formed on the upper 

45 plane of the silicon substrate, and a cathode electrode 
is formed on the lower plane of the silicon substrate. 
Each of these semiconductor chips is arranged on an 
integrated intermediate electrode 14 made of Mo, which 
operates to remove heat and concurrently to connect 

so electrically, and, furthermore, is arranged so as to con- 
tact with each of the main electrodes on the chips via 
each intermediate electrode 13 per respective of the 
chips. This composition is further interposed between a 
first common main electrode plate (Cu) 4 and a second 

55 common main electrode plate (Cu) 5. A wave plate 17 
made of Cu, i.e. a metallic plate manufactured to be 
uneven, is inserted between the intermediate electrode 
13 and the common main electrode plate 4. An Au 
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plated film 15 is formed on the surface of the intermedi- 
ate electrode plate by approximately 1 \xm in thickness, 
and a Ni plated film 16 is formed on the surface of the 
common electrode plate by approximately 1-3 \xm in 
thickness. The above semiconductor chips and the 
intermediate electrode are fixed mutually by a frame 24. 
A lead wire is taken out from the gate electrode 18 of the 
IGBT chip 1 1 by a wire bond 19, and is connected to the 
gate electrode wiring plate 20 formed on the intermedi- 
ate electrode 14. An interval between the above pair of 
common main electrode plate 4, 5 is insulated exter- 
nally by an insulating outer cylinder 21 made of ceram- 
ics and the like, and a hermetic structure is formed at an 
interval between the common main electrode plate and 
the insulating outer cylinder by sealing inside the pack- 
age by a metallic plate 22. The gate electrode lead is 
taken out to outside the package by a sealed wiring 23 
through the external cylinder 21 . 
[0026] The above wave plate 17 used in the present 
embodiment was made of Cu, its wave pitch was 1 mm, 
the thickness of the plate was 0.3 mm, and its surface 
was thin gold plated. The whole thickness of the wave 
plate including the initial uneven portion was 0.6 mm. 
Variation in thickness of the intermediate electrode plate 
mounted practically in the present embodiment was 100 
jLim at maximum. However, results of determining pres- 
sure distribution by inserting pressure sensitive paper 
between the intermediate electrode plate 14 and the 
chips 11,12 revealed that the pressure difference was 
small, and they were pressed almost uniformly. 
[0027] FIG. 8 indicates an embodiment of the present 
invention applied to a reverse conductive type switching 
device, wherein a MOS control type switching device 1 1 
and a flywheel diode 12 are integrated. Main electrodes 
(collector, cathode) at lower side of each of these semi- 
conductor chips are made of Au, and are connected to 
an intermediate electrode 14, whereon an Ag plated film 
15 of 2-3 \xm thick is formed previously, by heating and 
pressure welding. On the other hand, main electrodes 
(emitter, anode) at upper side of each of these semicon- 
ductor chips are made of Al, and are connected to an 
intermediate electrode 1 3, whereon an Au plated film 15 
of 1-2 (i m thick is formed previously. In accordance with 
the present embodiment, the above integrated interme- 
diate bodies of electrodes and semiconductor chips are 
arranged in parallel between a first common main elec- 
trode plate (Cu) 4, a Ni plated film 16 of 2-4 jum thick is 
formed on its surface previously, and a second common 
main electrode plate (Cu) 5. In this case, an expanded 
metal plate 1 7 was inserted as the metallic plate manu- 
factured to be uneven between the intermediate elec- 
trode 14 and the common main electrode plate 5, and 
the whole body was pressed via both of the common 
main electrode plates 4, 5. 

[0028] The expanded metal plate 1 7 was made of Ag, 
thickness of the metal plate was approximately 0.1 mm, 
approximately 3000 mesh, and the whole thickness 
including the initial uneven portion was approximately 



0.25 mm. Variation in thickness at each position of the 
chips mounted practically in the present embodiment 
was 80 \xm at maximum. However, results of determin- 
ing pressure distribution by inserting pressure sensitive 
5 paper between the intermediate electrode plate 13 and 
the common main electrode plate 4 revealed that the 
pressure difference was small, and they were pressed 
almost uniformly 

[0029] FIG. 9 indicates an example of mounting state, 
10 wherein a pin 25 for taking out a gate control electrode 
from the chip is formed at the center of the chip. FIG. 9 
indicated an embodiment of the present invention 
applied to a reverse conductive type switching device, 
wherein a flywheel diode (FWD) 12 connected to a 

15 switching device using IGBT 1 1 in reverse parallel was 
integrated, as same as shown in FIG. 7. Main elec- 
trodes (collector, cathode) at lower side of each of these 
semiconductor chips are made of Au, and are con- 
nected to an intermediate electrode 14, whereon an Ag 

20 plated film of 2-3 |jim thick is formed previously, by heat- 
ing and pressure welding. On the other hand, the sur- 
face of the intermediate electrode 13 is plated with an 
Au film 15 of 2-3 j^m thick, and is connected to each of 
the semiconductor chips by press contact. The above 

25 integrated bodies of electrodes and semiconductor 
chips are inserted between a first common main elec- 
trode plate (Cu) 4 and a second common main elec- 
trode plate (Cu) 5. In this case, in order to absorb the 
variation in height, complex metallic netting 17 com- 

30 posed of double-overlapped netting manufactured in a 
shape having a hole at the center are arranged around 
the pin 25 and a member 26 for insulating the pin 
between the intermediate electrode plate 13 and the 
common electrode plate 4. In accordance with this 

35 method, shifting the location of respective complex net- 
ting 1 7 can be prevented by the member 26 for insulat- 
ing the central pin, and an assembling operation can be 
performed easily. 

[0030] The complex netting composed of double-over- 

40 lapped metallic netting can be integrated to a body at 
their peripheral portion by stamping the double-over- 
lapped netting to a designated shape using a die, and 
the complex netting can be handled as a single complex 
netting component. 

45 [0031 ] The gate circuit 27 is contained in a groove 28 
provided to the first common main electrode plate (Cu), 
taken out to the periphery of the package, and further 
taken out by the wire 29, 23 to outside the package. In 
accordance with the present embodiment, the complex 

so netting made of Cu was used, and its surface was 
plated with Au in order to decrease the contacting 
resistance, further. Accordingly, the contacting resist- 
ance between the intermediate electrode plate and the 
common electrode plate could be decreased signift- 

55 cantly. The above effect was remarkable in the region 
where the pressure was small. Variation in thickness at 
each position of the chips mounted practically in the 
present embodiment was 200 jxm at maximum, How- 
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ever, results of determining pressure distribution by 
inserting pressure sensitive paper between the interme- 
diate electrode plate 14 and the common main elec- 
trode plate 5 revealed that the pressure difference was 
small, and they were pressed almost uniformly. s 
[0032] As explained above, in the case when various 
kinds of semiconductor chips are arranged in parallel 
and mounted in a package, and their thickness are var- 
ied significantly depending on their kind, a following 
method is effective; that is, the intermediate electrode 10 
plates having various average thickness depending on 
the kinds of the chips are prepared; remarkable differ- 
ence of the thickness of the chips are adjusted with the 
intermediate electrode plates; furthermore, the metallic 
netting, or the metallic plate manufactured to be uneven 15 
of the present invention is used for accommodating the 
variation in height of the intermediate electrode plates 
and the semiconductor chips. 

[0033] FIG. 10 indicates an embodiment of the 
present invention applied to a GTO. A semiconductor 20 
element substrate 31 is made of silicon (Si), and has at 
least a PN junction inside. Cathode electrodes and gate 
electrodes made of aluminum (Al) are formed on one of 
main planes of the semiconductor element substrate 
31, and anode electrodes made of aluminum (Al) are 25 
formed on another main plane. Intermediate electrode 
plates 32, 33 made of molybdenum (Mo) are arranged 
on the upper side of the cathode electrode and the 
anode electrode, respectively. Metallic netting 34, 35 
made of Cu were arranged between the intermediate 30 
electrode plates 32, 33 and a pair of external main elec- 
trode plates 4, 5 made of copper (Cu), and the whole 
body was pressed. A cap member 36 is arranged at 
side planes of the semiconductor element substrate 31 . 
A part of gate lead 37 is arranged and contacted on the 35 
gate electrode on the semiconductor substrate, and the 
part is contacted with the gate electrode by pressing 
with the gate insulator 38 and a disc spring 39. All the 
above parts are arranged in a sealed package sur- 
rounded by an insulator 40, a pair of external electrodes 40 
4, 5, and a flange 41 . Another end of the gate lead 37 is 
taken out outside the insulator 40 via a sealing structure 
as a gate terminal. 

[0034] FIG. 1 1 indicates an embodiment, wherein a 
punching metal 42 made of Cu, a dense Ag thin film 45 
layer is formed on its surface, is arranged between a 
cathode electrode side of a semiconductor element 31 
of wafer size and an intermediate electrode plate 32. A 
metal foil 43 of Mo and an intermediate electrode plate 
33, each of which is plated with Ag respectively, were so 
arranged between an anode electrode side of the semi- 
conductor element 31 and a common electrode plate 5. 
The variation in height could be absorbed with the 
punching copper plate 42 better than a flat copper plate, 
and contacting resistance could be decreased. 55 
[0035] FIG. 12 indicates an embodiment, wherein no 
intermediate electrode plate is inserted between a col- 
lector side electrode of the semiconductor chip 1 and a 



main electrode plate 5. in order to prevent rupture by 
pressing the semiconductor element, a metallic netting, 
or a metallic plate manufactured to be uneven was 
arranged between an intermediate electrode plate 2 
and a main electrode plate 4 of emitter side. In accord- 
ance with the present embodiment, an embossed plate 
44 manufactured to have slits was used as the metallic 
plate manufactured to be uneven. A soft metal foil 45 
was inserted between a chip main electrode and a main 
electrode plate 5, in order to decrease further contact- 
ing resistance and to protect the chips. 
[0036] Conventionally, surface of the common elec- 
trode plate, and the intermediate electrode plate have 
been necessarily finished to make their maximum sur- 
face roughness (Rmax) less than 1 jxm, in order to 
decrease their contacting resistance. However, even if 
surface of the common electrode plates and the inter- 
mediate electrode plates, which interposes the metallic 
netting, or metallic plate manufactured to be uneven, 
soft metal foil, and the like, is coarse such that its maxi- 
mum surface roughness (Rmax) exceeds 1 jam, the 
material is deformed matching with uneven shape of the 
surface, and contacting area is increased microscopi- 
cally and contacting resistance can be decreased. 
Therefore, production cost can be decreased. 
[0037] As the material for the intermediate electrode, 
a material having a thermal expansion coefficient at a 
middle of Si and a material of the external main elec- 
trode, and a desirable thermal conductivity and electri- 
cal conductivity is used. Practically, a single metal such 
as tungsten (W), molybdenum (Mo), or complex mate- 
rial or alloys containing these element as a main com- 
position material such as Cu-W, Ag-W, Cu-Mo, Ag-Mo, 
Cu-FeNi, and the like, a complex material of metal with 
ceramics or carbon, for instance, such as Cu/SiC, Cu/C, 
Al/SiC, AI/AIN, Cu/Cu 2 0, and the like are desirable. 
[0038] On the other hand, as the material for the main 
electrode, a conductive material having a desirable ther- 
mal conductivity such as copper, aluminum, and their 
alloys, for instance, using Cu-Ag, Cu-Sn, Cu-Zr, Cu-Zr- 
Cr, Cu-Ni-Si-Zr, and the like, or the above complex 
materials are desirable. 

[0039] FIG. 13 indicates another applying state of the 
present invention. At least a first main electrode is 
formed on a first main plane of a semiconductor ele- 
ment 1 , and a second main electrode is formed on a 
second main plane. Intermediate electrode plates 2, 3 
made of Mo, or W and others are arranged on both of 
the main electrode planes, and furthermore, common 
electrode plates (main electrode plate) 4, 5 made of a 
pair of copper, and the like, are arranged at outer por- 
tions of the intermediate electrode plates. A porous 
metallic plate 6, as an example of metallic body having 
macroscopic vacancies inside, is inserted between the 
intermediate electrode plate 3 and the main electrode 
late 5, and each of the members are contacted by 
pressing its whole body together. FIG. 13 indicates a 
case when a sum of the heights of the members 1, 2, 
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and 3 is increased in the order at the positions of (a), 
(b), and (c). Corresponding to the difference of these 
heights, the thickness of the porous metallic plates 6 are 
decreased in the order of (a), (b), and (c) after contact- 
ing with pressure, although their thickness before con- 
tacting have been same. That means, the thickness of 
the porous metallic plate has been varied so as to make 
the whole height including the height of the porous 
metallic plate (a sum of the members 1, 2, 3, and 6) 
equal at the positions of (a), (b), and (c). Therefore, 
even if each of the members 1, 2, and 3 has various 
thickness, and even if the main electrode plates 4, 5 
have warps and waviness, a preferable contacting state 
with pressure can be ensured at plural chip positions 
(a), (b), and (c), and the semiconductor chips can be 
mounted with the preferable contacting state. Accord- 
ingly, a semiconductor device having less variation in 
thermal resistance and electrical resistance can be real- 
ized . In accordance with FIG. 13, an embodiment, 
wherein the porous metallic plate 6 is inserted between 
contacting planes with pressure facing to the main elec- 
trode plate 5 and the intermediate electrode plate 3, is 
indicated. However, the inserting position can be varied 
to other contacting planes, such as between the main 
electrode plate 4 and the intermediate electrode plate 2, 
between the element 1 and the intermediate electrode 
plates 2, 3, and plural boundary planes can be used 
concurrently. Furthermore, various porous metallic 
plates made of different material each other can be 
arranged at respective of intervals between the elec- 
trodes. 

[0040] The porous metal referred to in the present 
invention is metallic material including a large number of 
voids, while terminology of metallic plate, metallic foil, 
and metallic sheet mean in general substantially dense 
metallic members. The porous metal has a fine struc- 
ture, wherein three dimensional random network of con- 
tinuous metallic portions is formed. Examples of the 
porous metal include foamed metal, sponge metal, 
porous metal, foam metal, and the like. In accordance 
with the target of the present invention, the soft materi- 
als having a small electrical resistance and thermal 
resistance such as copper, aluminum, silver, gold, and 
the like, and materials of inexpensive and superior in 
oxidation resistance such as nickel, stainless steel 
(SUS), and the like are preferable in particular, and the 
material having the most suitable characteristics in con- 
sideration of the applied target can be selected. 
[0041 ] FIG. 1 4 indicates the effects of the pressure on 
the amount of deformation (the amount of change in the 
thickness of porous metallic plate) and electrical resist- 
ance, determined by using a porous Cu plate (foamed 
metal copper plate) as the representative of the porous 
metallic plate. As a comparative example, a case when 
a conventional dense thin Cu plate is used is concur- 
rently indicated in FIG. 14. The foamed metal copper 
plate is prepared by the steps of; forming a coated film 
of copper powder on surface of vacancies in foamed 



urethane by dry adhesion method; removing the ure- 
thane by thermal processing; and sintering the copper 
powder in a reducing atmosphere. The foamed metal 
copper plate is a porous copper metal plate having a 
s three dimensional network skeleton of copper. Another 
method , wherein Cu coating film is formed on surface 
of foamed resin by a wet plating method, is similarly 
usable. Thickness of the porous Cu plate is decreased 
accompanied with increasing pressure. The porous Cu 
10 plate is deformed significantly in a specific pressure 
region (approximately 0.5 - 2 kg/mm 2 ), and the amount 
of deformation is decreased accompanied with increas- 
ing its density. The electrical resistance is decreased 
with increasing the pressure, and is changed signifi- 
es cantly in the specific region of remarkable deformation 
of the porous Cu plate. On the contrary, in case of Cu 
thin plate, significant deformation caused by plastic 
deformation is not generated even if a pressure exceed- 
ing its yield stress is applies as explained previously 
20 (FIG. 25), but only minor deformation as much as elastic 
deformation is generated. Electrical resistance is 
decreased gradually, because contact resistance with 
measuring electrode is decreased in accordance with 
increasing pressure. 
25 [0042] In case of the porous metal, different from the 
case of dense metal foil (thin plate) (FIG. 25), a large 
deformation can be occurred by relatively small pres- 
sure, because the porous metal itself has vacancies at 
its interior portion, and microscopically the material 
30 pressed with a force can be moved easily to these 
vacancies. The deformation is occurred substantially 
only in a thickness direction (a pressing direction), 
because the porous metal itself has vacancies, which 
make it possible to absorb the deformation, at its interior 
35 portion, and deformation resistance by friction in a lat- 
eral direction at the contacting planes. Accordingly, the 
porous metal after the deformation has less vacancies 
than the initial period, and becomes dense. The shape 
of the vacancy is varied to be flatten in the thickness 
40 direction. As described above, the material of the 
present invention makes it possible to decrease electri- 
cal resistance and thermal resistance effectively with 
ensuring an capability to cause significant deformation 
to the thickness direction, because the material of the 
45 present invention has a feature that metallic channel 
portion particularly in the thickness direction is more 
increased by deformation with pressure in comparison 
with the lateral direction. When conventional dense 
material is deformed (decreasing its thickness) signifi- 
so cantly, the material as much as its changed volume 
flows plastically in the lateral direction, and a phenome- 
non that side plane of the material is swelled remarkably 
can be observed. However, when the porous material is 
used, its side plane is scarcely swelled even if it is 
55 deformed (decreasing its thickness) significantly, 
because the porous metal itself has sufficient vacan- 
cies, which makes it possible to absorb the deformation 
of the material, at its interior portion. Therefore, since 
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any problems such as contacting with adjacent material 
are not generated, the porous material is suitable for 
high density mounting. 

[0043] Since these materials have elastic-plastic 
deformation capabilities, a return as much as the elastic 
deformation can be observed when the loading is dis- 
charged after deformed. However, the plastic deforma- 
tion corresponding approximately to the variation in 
height among mounted members can be ensured. In 
case of re-pressing, sufficient contacts can be ensured 
with the same pressure as previous pressure utilizing 
the elastic deformation. Furthermore, since the porous 
material has a lower apparent elastic coefficient than 
the conventional dense material on account of the pres- 
ence of voids, the amount of elastic deformation is 
large, and the porous material is suitable for maintaining 
a certain contacting state. The pressure causing the 
deformation, and the elastic-plastic deforming behavior 
can be controlled by the thickness, density (fraction of 
the vacancies), and material of the continuous portion 
of metal formed in three dimensions. These factors can 
be selected so as to cause the deformation by an appro- 
priate pressure in accordance with the using condition. 
[0044] When ensuring a large amount of deformation 
is desired, a large fraction of vacancy in the porous 
metallic material before the deformation is desirable, 
larger than 50 % is desirable, and particularly a range of 
60-80 % js preferable. However, when the amount of 
deformation is not desired to be excessively large in 
view of operability based on its use, it is desirable to 
adjust the porous plate to have an optimum amount of 
deformation, thermal resistance, and electrical resist- 
ance in view of its use by decreasing the void fraction 
(densification) by pressing previously with a designated 
pressure. 

[0045] As indicated in FIG. 14, the contacting resist- 
ance (electricity, heat) in the practical using condition at 
a boundary with the electrodes interposing the porous 
metallic plate becomes an important factor. In order to 
decrease the contacting resistance further, it is impor- 
tant to make the contacting resistance at the boundary 
with the electrodes interposing the porous metallic plate 
small as possible. Therefore, a microscopic shape at 
the outermost surface of the porous metallic plate is 
more desirable to be a structure shown in FIG. 15 (b), 
which has a large number of terminal parts in approxi- 
mately parallel to the contacting surface, or of terminal 
parts 8 having a large declining angle as possible, than 
a structure shown in FIG. 15 (a), which has a large 
number of columnar metal 7 extruding perpendicularly 
to the contacting surface. 

[0046] As another state of the porous metallic plate for 
decreasing the contacting resistance of the porous 
metallic plate with electrode materials interposing the 
porous metallic plate, it is effective to make the surface 
of the porous metallic plate denser than its internal por- 
tion to increase microscopic contacting area with the 
electrode material. Embodiments are indicated in FIG. 



16 and FIG. 17. FIG. 18 indicates an embodiment, 
wherein a metallic layer 9, which is softer and more oxi- 
dation resistant than the metallic material of the porous 
metallic plate, is formed onto the surface of the porous 
5 metallic plate 6 by means such as printing, plating, and 
the like. For instance, a porous metallic plate made of Ni 
coated with a soft film made of Ag or Au, or a porous 
metallic plate made of Cu or Al having an oxidation pre- 
venting film made of Ag or Au at its surface is used. FIG. 
10 17 (a) indicates an embodiment, wherein a dense 
metallic foil 10 is arranged onto the surface of porous 
metallic plate 6 and a body is formed together. For the 
above metallic foil, using a metallic foil which is softer 
and more oxidation resistant than the metallic material 
15 of the porous metallic plate, in addition to the same 
material as the porous metallic material, is effective. For 
instance, a porous metallic plate made of Cu or Al hav- 
ing a metallic foil made of any of Cu, Al, Ag, Au, and the 
like on its surface is used. FIG. 17 (b) indicates a cross 
20 section of a plate obtained by punching out from the 
material indicated in FIG. 17 (a) with a pressing 
machine. Because the end planes are crushed when 
pressing is performed, the porous metallic plate 
becomes a shape that side planes are also covered with 
25 the surface foil. Therefore, the above method is simple 
and convenient method for a case when side planes of 
the porous metallic plate are desirably protected with a 
dense film. As further another method, a method for 
increasing its density only at the surface of the porous 
30 metallic plate by exposing it to a high temperature for a 
short time can be used. 

[0047] FIG. 18 indicates an embodiment of the 
present invention applied to a reverse conductive type 
switching device, wherein a flywheel diode (FWD) 12 

35 connected to a switching device using IGBT 11 in 
reverse parallel is integrated. FIG. 18 indicates a partial 
cross section from outermost portion of the press con- 
tact type semiconductor device at right side to the mid- 
dle portion toward the center. In accordance with the 

40 IGBT chip 1 1 , an emitter electrode is formed on almost 
whole plane of a first main plane at upper side, a collec- 
tor electrode is formed on a second main plane at lower 
side, and, furthermore, an electrode for controlling (gate 
electrode) is formed on the first main plane. In accord- 

45 ance with the FWD 1 2, an anode electrode is formed on 
the upper plane of the silicon substrate, and a cathode 
electrode is formed on the lower plane of the silicon 
substrate. Each of these semiconductor chips is 
arranged on an integrated intermediate electrode 14 

so made of Mo, which operates to remove heat and con- 
currently to connect electrically, and, furthermore, is 
arranged so as to contact with each of the main elec- 
trodes on the chips via each intermediate electrode 13 
per respective of the chips. This composition is further 

55 interposed between a first common main electrode 
plate (Cu) 4 and a second common main electrode plate 
(Cu) 5. A porous copper plate 17 is inserted between 
the intermediate electrode 13 and the common main 
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electrode plate 4. An Au plated film 15 is formed on the 
surface of the intermediate electrode by approximately 
3-5 jum in thickness, and a Ni plated film 16 is formed on 
the surface of the common electrode plate by approxi- 
mately 1-3 jum in thickness. The above semiconductor 5 
chips and the intermediate electrode are fixed mutually 
by a frame 24 made of teflon . A lead wire is taken out 
from the gate electrode 1 8 of the IGBT chip 1 1 by a wire 
bond 19, and is connected to the gate electrode wiring 
plate 20 formed on the intermediate electrode 14 . An 10 
interval between the above pair of common main elec- 
trode plates 4, 5 is insulated externally by an insulating 
outer cylinder 21 made of ceramics and the like, and a 
hermetic structure is formed at an interval between the 
common main electrode plate and the insulating outer 15 
cylinder by sealing inside the package by a metallic 
plate 22. The gate electrode lead is taken out to outside 
the package by a sealed wiring 23 through the external 
cylinder 21 . 

[0048] The above porous copper plate was prepared 20 
by the steps of; forming a sheet from Cu powder slurry 
by doctor blade method, calcining the sheet for remov- 
ing organic binder components, and reducing and pre- 
sintering the Cu powder so as to remain voids at a 
higher temperature. Initial void fraction was 60 %, aver- 25 
age void diameter was 30 |im, and thickness was 150 
|im. Variation in thickness of the intermediate electrode 
plate mounted practically in the present embodiment 
was 50 |j.m at maximum. However, results of determin- 
ing pressure distribution by inserting pressure sensitive 30 
paper between the intermediate electrode plate 14 and 
the chips 11, 12 revealed that the pressure difference 
was small, and they were pressed almost uniformly. 
[0049] FIG. 19 indicates an embodiment of the 
present invention applied to a reverse conductive type 35 
switching device, wherein a MOS control type switching 
device 1 1 and a flywheel diode 12 are integrated. Main 
electrodes (collector, cathode) at lower side of each of 
these semiconductor chips are made of Au, and are 
connected to an intermediate electrode 14, whereon an 40 
Ag plated film 1 5 of 2-3 (Am thick is formed previously, by 
heating and pressure welding. On the other hand, main 
electrodes (emitter, anode) at upper side of each of 
these semiconductor chips are made of Al, and are con- 
nected to an intermediate electrode 13, whereon an Au 45 
plated film 15 of 1-2 \xm thick is formed previously. In 
accordance with the present embodiment, the above 
integrated intermediate bodies of electrodes and semi- 
conductor chips are arranged in parallel between a first 
common main electrode plate (Cu) 4, an Ag plated film so 
16 of 2-4 jum thick is formed on its surface previously, 
and a second common main electrode plate (Cu) 5. In 
this case, a porous Ni plate 1 7 was inserted between 
the intermediate electrode 14 and the common main 
electrode late 5, and the whole body was pressed via 55 
both of the common main electrode plates 4, 5. 
[0050] The porous Ni plate 17 was obtained by the 
steps of; processing foamed resin for making it have 



conductivity, plating with electrolytic Ni, heat treating for 
removing the foamed resin by burning. This material 
was further pressed to be formed as a plate material 
having a void diameter of approximately 0.2 mm, the 
number of cells of 60 pieces/inch, thickness of the 
metallic channel portion of 40-80 ^m, plate thickness of 
0.6 mm, and void fraction of approximately 80 %. In 
accordance with the present embodiment, the contact- 
ing resistance between the porous Ni plate and the 
above electrodes is reduced significantly, because both 
of the surfaces of electrodes at both sides interposing 
the porous Ni plate are plated with Ag. Variation in thick- 
ness at each position of the chips mounted practically in 
the present embodiment was 100 jjim at maximum. 
However, results of determining pressure distribution by 
inserting pressure sensitive paper between the interme- 
diate electrode plate 13 and the common main elec- 
trode plate 4 revealed that the pressure difference was 
small, and they were pressed almost uniformly. 
[0051] In order to realize correction of the height and 
decrease of the electrical resistance and the thermal 
resistance at optimum, not only the porous metallic 
plate, but also soft metal foil can be inserted concur- 
rently between the electrodes. For instance, a following 
method is effective; wherein an Au foil is inserted 
between the upper main electrode plate and the inter- 
mediate electrode plate, and a porous Ni plate is 
inserted between the lower main electrode plate and the 
intermediate electrode plate, for ensuring approximately 
same amount of deformation with a same loading even 
in a case when the contacting areas differ each other. 
[0052] FIG. 20 indicates an example of mounting 
state, wherein a pin 25 for taking out a gate control elec- 
trode from the chip is formed at the center of the chip. 
FIG. 20 indicated an embodiment of the present inven- 
tion applied to a reverse conductive type switching 
device, wherein a flywheel diode (FWD) 12 connected 
to a switching device using IGBT 11 in reverse parallel 
was integrated, as same as shown in FIG. 18. Main 
electrodes (collector, cathode) at lower side of each of 
these semiconductor chips are made of Au, and are 
connected to an intermediate electrode 14, whereon an 
Ag plated film of 2-3 jam thick is formed previously, by 
heating and pressure welding. On the other hand, the 
surface of the intermediate electrode 13 is plated with 
an Au film 15 of 2-3 jum thick, and is connected to each 
of the semiconductor chips by press contact. The above 
integrated bodies of electrodes and semiconductor 
chips are inserted between a first common main elec- 
trode plate (Cu) 4 and a second common main elec- 
trode plate (Cu) 5, on each surface of them an Au plated 
film of 2-4 ja m thick is formed. In this case, in order to 
absorb the variation in height, a porous copper plates 
1 7 manufactured in a shape having a hole at the center 
are arranged around the pin 25 and a member 26 for 
insulating the pin between the intermediate electrode 
plate 13 and the common electrode plate 4. In accord- 
ance with this method, shifting the location of respective 
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porous metallic plate 17 can be prevented by the mem- 
ber 26 for insulating the central pin, and an assembling 
operation can be performed readily. 
[0053] The gate circuit 27 is contained in a groove 28 
provided to the first common main electrode plate (Cu) 5 
4, taken out to the periphery of the package, and further 
taken out by the wire 29, 23 to outside the package. In 
order to decrease the contacting resistance further, a 
complex porous copper plate was utilized as the porous 
metallic plate in the present embodiment. The complex 10 
porous copper plate has a structure as shown in FIG. 
1 7, wherein a dense copper foil was integrated onto the 
surface of the porous plate. Accordingly, the contacting 
resistance between the porous metallic plate and the 
intermediate electrode plate, and the common elec- 15 
trode plate could be decreased significantly. The above 
effect was remarkable in the region where the pressure 
was small, and the contacting resistance could be 
decreased from 1/5 to 1/10. Variation in thickness at 
each position of the chips mounted practically in the 20 
present embodiment was 200 \xm at maximum. How- 
ever, results of determining pressure distribution by 
inserting pressure sensitive paper between the interme- 
diate electrode plate 14 and the common main elec- 
trode plate 5 revealed that the pressure difference was 25 
small, and they were pressed almost uniformly. 
[0054] As explained above, in the case when various 
kinds of semiconductor chips are arranged in parallel 
and mounted in a package, and their thickness are var- 
ied significantly depending on their kind, a following 30 
method is effective; that is, the intermediate electrode 
plates having various average thickness depending on 
the kinds of the chips are prepared; large difference of 
the thickness of the chips are adjusted with the interme- 
diate electrode plates; furthermore, the porous metallic 35 
plate of the present invention is used for accommodat- 
ing the variation in height of the intermediate electrode 
plates and the semiconductor chips. 
[0055] FIG. 21 indicates an embodiment, wherein a 
porous copper plate 30, on which surface a dense thin 40 
film layer 33 of Ag is formed as a body, is arranged 
between cathode electrode side of a wafer size semi- 
conductor element 31 and an intermediate electrode 
plate 32. A metal foil 34 made of Mo and an intermedi- 
ate electrode plate 35 plated with Ag, respectively, were 45 
arranged between anode electrode side of the semicon- 
ductor element 31 and a common electrode plate 5. The 
porous copper plate had an average void diameter of 
approximately 0.1 mm, cell number of 40 pieces/mm 2 , 
thickness of metallic channel of 30-50 Jim, plate thick- 50 
ness of 0.8 mm, and void fraction of approximately 75 
%. In accordance with the porous copper plate 30, vari- 
ation of height is absorbed, and the contacting resist- 
ance can be decreased by compensating the decrease 
in contacting area based on voids at the surface of the 55 
porous metal. 

[0056] FIG. 22 indicates an embodiment, wherein no 
intermediate electrode plate is inserted between a col- 



lector side electrode of the semiconductor chip 1 and a 
common electrode plate. In order to prevent rupture of 
the semiconductor element by pressing when the inter- 
mediate electrode plate at collector side is omitted, and 
a porous metallic plate was arranged between the com- 
mon electrode plate 5 and the semiconductor element 
1 , it is important that the porous metallic plate 36 is 
arranged in a region same or smaller than the shape of 
the intermediate electrode plate 2, on which surface a 
soft metal film 38 is formed. In accordance with the 
present embodiment, a soft metal foil 37 is inserted 
between a chip main electrode and the porous metallic 
plate, in order to decrease further contacting resistance 
and to protect the chips. 

[0057] Conventionally, surface of the common elec- 
trode plate, and the intermediate electrode plate have 
been necessarily finished to make their maximum sur- 
face roughness (Rmax) less than 1 ^m, in order to 
decrease their contacting resistance. However, even if 
surface of the common electrode plates and the inter- 
mediate electrode plates, which interposes the porous 
metallic plate, soft metal foil, and the like is coarse such 
that Hs maximum surface roughness (Rmax) exceeds 1 
\xm t the material is deformed matching with uneven 
shape of the surface, and contacting area is increased 
microscopically and contacting resistance can be 
decreased. Therefore, production cost can be 
decreased. 

[0058] As the material for the porous metallic plate, 
metals mainly such as Cu, Al, Ag, Au, Ni, and the like, or 
their alloy are desirable. Based on using state of the 
semiconductor device, it is desirable to select optimum 
material and surface treatment in consideration of prior- 
ity of decreasing the thermal resistance and electrical 
resistance, and improving deformation capability. 
[0059] As the material for the intermediate electrode, 
a material having a thermal expansion coefficient at a 
middle of Si and a material of the external main elec- 
trode, and a desirable thermal conductivity and electri- 
cal conductive is used. Practically, a single metal such 
as tungsten (W), molybdenum (Mo), or complex mate- 
rial or alloys containing these element as a main com- 
position material such as Cu-W, Ag-W, Cu-Mo, Ag-Mo, 
Cu-FeNi, and the like, a complex material of metal with 
ceramics or carbon, for instance, such as Cu/SiC, Cu/C, 
Al/SiC, AI/AIN, and the like are desirable. On the other 
hand, as the material for main electrode, a conductive 
material having a desirable thermal conductivity such as 
copper, aluminum, and their alloys, or the above com- 
plex materials are desirable. 

[0060] The mounting method of the present invention 
can be applied naturally to the press contact type semi- 
conductor devices composed of no diode, but only 
switching semiconductors such as IGBT and the like. 
Additionally, the mounting method of the present inven- 
tion is naturally effective in mounting, for instance, a 
large number of diodes in a press contact type package 
by the above method. Furthermore, the above embodi- 
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ments are explained using mainly IGBT, but targets of 
the present invention are all the semiconductor ele- 
ments comprising at least a first main electrode on a 
first main plane and a second main electrode on a sec- 
ond main plane. Therefore, the present invention can be 
applied to the insulated gate type transistors (MOS tran- 
sistor) other than the IGBT, the insulated gate type thyr- 
istors (MOS controlled thyristor) including IGCT 
(Insulated Gate Controlled Thyristor) , GTO, thyristors, 
and diodes, and others in a similar way. Furthermore, 
the present invention is effective to the compound sem- 
iconductor elements such as SiC other than Si element, 
GaN, and the like. 

[0061 ] In accordance with the press contact type sem- 
iconductor devices of the present invention, stable con- 
tact conditions between electrodes can be obtained 
even if their size is increased (increasing capacity), so 
semiconductor devices having low electrical resistance 
and low thermal resistance can be obtained. Accord- 
ingly, a large capacity converter, of which converter vol- 
ume and cost are reduced remarkably, can be realized 
by using the press contact type semiconductor device of 
the present invention. A composition circuit diagram of 
one bridge, in a case when the press contact type sem- 
iconductor devices of IGBT relating to the present 
invention are applied as main converting elements to a 
converter for power, is indicated in FIG. 23. The IGBT 
elements 40 as the main converting elements and diode 
elements 41 are arranged in reverse parallel, and the 
converter is composed by connecting n pieces of these 
elements in series. These IGBT and diodes indicate the 
press contact type semiconductor device, wherein a 
large number of semiconductor chips are mounted in 
parallel, by the present invention. In cases of the 
reverse conductive IGBT press contact type semicon- 
ductor devices in embodiments of the present invention 
indicated in FIG. 7 - FIG. 9, and FIG. 18 - FIG. 20, the 
IGBT chips and the diode chips in the figures are 
assembled and contained in a package. Additionally, 
snubber circuits 42 and a current limiting circuit are 
added to the above assembly. A composition of self- 
commutated converter using four bridges of the three 
phase bridge indicated in FIG. 23 is indicated in FIG. 
24. The press contact type semiconductor devices of 
the present invention are mounted in a shape called a 
stack structure, wherein a plurality of the semiconductor 
devices connected in series interposing water-cooled 
electrodes in a shape to contact with outer side plane of 
the main electrode plate, and the whole stack is pressed 
together. In accordance with the present invention, uni- 
form contact can be obtained with lower pressure than 
conventional products. Therefore, an effect to simplify 
the above stack structure and the like can be realized. 
[0062] The press contact type semiconductor device 
of the present invention is particularly preferable not 
only for the above embodiments, but also for self-com- 
mutated large capacity converters using for power sys- 
tems, and for large capacity converter using for mill. 



Furthermore, the press contact type semiconductor 
device of the present invention can be used for variable 
speed pumped storage power plant, substation facilities 
in building, substation facilities for railway, sodium-sulfur 
5 (NaS) battery systems, and converter for traction and 
the like. 

[0063] In accordance with the present invention, uni- 
form press contact state in a large area region, which 
has been becoming more difficult with increasing the 

10 size of package accompanied with increasing the diam- 
eter of wafer and increasing the number of chips con- 
nected in parallel in an element corresponding to 
increasing the capacity, can be easily realized with a rel- 
atively low pressure. That is, the variation in height of 

15 the contacting plane can be absorbed sufficiently, and 
thermal resistance and electrical resistance at contact- 
ing boundary planes can be decreased. 

Claims 

20 

1. A press contact type semiconductor device com- 
prising: 

a pair of main electrode plates (4, 5), 
25 at least a semiconductor element (1, 11, 12, 

31) assembled in an interval between said pair 
of main electrode plates, which comprises: 
at least a first main electrode on a first main 
plane, and 

30 a second main electrode on a second main 

plane; and 

a metallic body (6, 9, 10, 17, 34, 35, 42, 44) 
having macroscopic vacancies in its internal 
portion, being arranged between the main 
35 electrode of said semiconductor element and 

said main electrode plate. 

2. A press contact type semiconductor device com- 
prising: 

40 

a pair of main electrode plates (4, 5), 
at least a semiconductor element (1, 11, 12, 
31) assembled in an interval between said pair 
of main electrode plates, which comprises: 
45 at least a first main electrode on a first main 

plane, and 

a second main electrode on a second main 
plane; 

a conductive intermediate electrode plate (2, 3, 
50 13, 14, 32, 33) arranged between the main 

electrode of said semiconductor element and 
the main electrode plate facing to the main 
electrode of said semiconductor element, and 
a metallic body (6, 9, 10, 17, 34, 35, 42, 44) 
55 having macroscopic vacancies in its internal 

portion, being arranged between said interme- 
diate electrode plate and said main electrode 
plate. 



13 



}CID: <EP 093220tA2_l_> 



25 

3. A press contact type semiconductor device as 
claimed in any of claims 1 and 2, wherein said 
metallic body (6, 9, 10, 17, 34, 35, 42, 44) is any 
one selected from the group consisting of metallic 
netting, metallic plate manufactured to be uneven, 5 
and porous metallic plate. 

4. A press contact type semiconductor device com- 
prising: 

10 

a pair of main electrode plates (4, 5), 
at least a semiconductor element (1, 11, 12, 
31) assembled in an interval between said pair 
of main electrode plates (4, 5), which com- 
prises: 15 
at least a first main electrode on a first main 
plane, and 

a second main electrode on a second main 
plane; and 

any one selected from the group consisting of 20 
metallic netting, metallic plate manufactured to 
be uneven, and porous metallic plate, being 
arranged between said semiconductor ele- 
ment, preferably its main electrode and said 
main electrode plate. 25 

5. A press contact type semiconductor device com- 
prising: 

a pair of main electrode plates (4, 5), 30 
at least a semiconductor element (1, 11, 12, 
31) assembled in an interval between said pair 
of main electrode plates, which comprises: 
at least a first main electrode on a first main 
plane, and 35 
a second main electrode on a second main 
plane; 

a conductive intermediate electrode plate (2, 3, 
13, 14, 32, 33) arranged between the main 
electrode of said semiconductor element and 40 
the main electrode plate facing to the main 
electrode of said semiconductor element, and 
any one selected from the group consisting of 
metallic netting, metallic plate manufactured to 
be uneven, and porous metallic plate, being 45 
arranged between said intermediate 

electrode plate and said main electrode plate. 

6. A press contact type semiconductor device as 50 
claimed in any of claims 1 to 5, wherein said metal- 
lic body (6, 9, 10, 17, 34, 35, 42, 44) having macro- 
scopic vacancies in its internal portion is made of 
any material selected from the group consisting of 

Cu, Al, Ag, Au, Ni, and alloys comprising any one of 55 
the above elements as a main component. 

7. A press contact type semiconductor device as 



26 

claimed in any of claims 1 to 6, wherein a dense 
metallic layer made of a metal which is more oxida- 
tion resistant, or softer than said material is formed 
on surface of at least one side of said metallic body 
having macroscopic vacancies in its internal por- 
tion. 

8. A press contact type semiconductor device as 
claimed in any of claims 1 to 7, wherein a soft 
metallic foil (45) is arranged between at least one of 
contacting planes facing each other of said main 
electrodes of the semiconductor element (1, 11, 12, 
31), said intermediate electrode plates (2, 3, 13, 14, 
32, 33), and said main electrode plates (4, 5). 

9. A press contact type semiconductor device as 
claimed in any of claims 1 to 8, wherein a soft 
metallic film (15, 16, 45) is formed on at least one 
plane of said intermediate electrode plates (2, 3, 
13, 14, 32, 33), or said main electrode plates (4, 5). 

10. A press contact type semiconductor device as 
claimed in any of claims 1 to 9, wherein at least one 
of planes of said main electrode plates (4, 5) and 
said intermediate electrode plates (2, 3, 13, 14, 32, 
33), is manufactured to be rugged with a maximum 
surface roughness (Rmax) exceeding 1 urn. 

1 1. A power converter using a press contact type sem- 
iconductor device in accordance with any of claims 
1 to 10 as a main converting element. 
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ZrN DIFFUSION BARRIER IN ALUMINUM METALLIZATION 
SCHEMES* 

L. KRUSIN-ELBAUM, M. WITTMER, C.-Y. TING AND J. J. CUOMO 
IBM T. J. Watson Research Center, Yorktown Heights, NY 1 0598 (U.S.A.) 
(Received October 7, 1982; accepted November 23, 1982) 



We have studied reactively sputtered ZrN, the most thermally stable of the 
refractory metal nitrides, for its diffusion barrier properties in aluminum metal- 
lization schemes with Rutherford backscattering spectroscopy and transmission 
electron microscopy (TEM). We find this compound to be very effective against 
aluminum diffusion up to 500 °C, independently of substrate temperature during 
sputtering. The useful temperature range can be extended by 50 °C with proper pre- 
annealing prior to aluminum deposition. The TEM study of the ZrN grain size as a 
function of annealing temperature revealed that the grain size does not change 
significantly upon annealing and that the grains are relatively small even at the 
highest annealing temperatures (about 300 A at 900 °C). In addition, for annealing 
temperatures of and below 500 °C large portions of ZrN films were found to be of 
either amorphous or extremely fine-grain material, thus inhibiting the diffusion 
along grain boundaries. The presence of Zr 3 Al 4 Si 5 ternary compound in samples 
annealed at 600 °C, as determined by X-ray analysis, may suggest that the ZrN 
barrier fails by decomposition of the film by aluminum. 



1. INTRODUCTION 

The problem of stable and reliable electrical contact to devices in integrated 
circuit technology is largely a problem of choosing a successful barrier against 
interdiffusion in thin film layers. Such. a barrier layer in a contact structure is 
required to be a good thermal and electrical conductor and to be thermally stable, 
i.e. it must have large negative energy of formation and consequently a positive free 
energy of reaction with the films it separates. 

Transition metal mononitrides offer a very attractive possibility for the above 
application 1 . Indeed, the previous studies of TaN and TiN 2 " 4 confirmed that thin 
films of these compounds are very effective as diffusion barriers during thermal 
treatments at temperatures up to 550 °C. 

In this paper we report on the diffusion barrier properties of the most stable 
member of the refractory metal nitrides, ZrN. The heat of formation of ZrN, which 

* Paper presented at the Symposium on Interfaces and Contacts, Boston, MA, U.S.A., November 2-4, 
1982. 
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is 5 - AH( 298 - 87.3 kcal mol ~\is even greater than that of TiN (80.4 kcal mol ~ ') 
ZrN is also the best electrical conductor among transition metal mononitrides The 
lowest resistivity reported in the literature 6 is p ZrN = 13.6 uQ cm as compared with 
22 uQ cm for TiN 7 and even 1 6.7 uQ cm for TiSi 2 8 . 

Hence, as silicide contacts require an additional layer for the diffusion barrier, it 
might be advantageous in many applications to replace silicides altogether 'in 
metallization schemes contemplated for the scaled down devices, provided that ZrN 
has a contact resistivity which is low enough for silicon integrated circuits. 

2. SAMPLE PREPARATION 



Films of ZrN of 800-1500 A thickness were reactively sputtered in a planar 
diode r.f. sputtering system in a mixed N 2 -Ar (or N 2 ~Kr) atmosphere. The sputter 
gases used were of research grade (99.9995% pure). Prior to the sputter deposition 
he system was pumped down to a pressure of 2.7 x 10~ 7 Torr and presputtered for 
1 h with N 2 and argon (or krypton) gases stabilized at a total pressure of 3 x 10 ~ 2 
lorr. Ine inert-gas-to-N 2 pressure ratio used was (1.5 x 10~ 3 Torr)-(28 5 x 10~ 3 
Torr) The temperature of the wafers during sputtering was about 100 °C unless 
intentionally raised. Throughout this study 10 n cm <100>-oriented n-type silicon 
as well as sapphire wafers were used as substrates. Rutherford backscatterine 
spectrometry (RBS) and X-ray analysis, using a Seeman-Bohlin glancing-anglt 
diffractometer and Cu Ka radiation, were used in identifying the composition of the 
sputtered films. For the initial characterization vitreous carbon substrates were used 
simultaneously with silicon (or sapphire) wafers. The reason for using such 
substrates is that the atomic mass of carbon is less than that of oxygen or nitrogen so 
that any presence of these elements in the sputtered films can be detected with RBS 
The result of such characterization is shown in Fig. 1. The flat plateau of the 
zirconium sjgnal m Fig. 1 indicates that the deposited ZrN films are homogeneous in 
L 0 b e P b° e S ; £,0n ;H A H P r ible COnt ™^n of the as-deposited films was found 

Fie 1 Howew nT 11 ^ ° f „ RBS ' WhiGh is IeSS than 0A * for the <»« «how in 
Fig 1. However, all films showed the presence of up to about 0.5% Hf which is a 

contaminant normally associated with zirconium because of the difficulty in 

separating n metallurgical^. Other than this impurity, the target was 99.99% pure 

The X-ray diffraction spectrum of ZrN film deposited on a single-crystal saoShire 

I f u Z Com P° sltl ona\ analysis of the as-deposited films with RBS 
combined with X-ray analysis shows that these films are of stoichiometric ZrN The 
large wid th of the ZrN diffraction peaks points to a fine-grain microsTructufe TOs is 
consisten with transmission electron microscopy (TEM) analysis of the gram si *e of 
as-deposited films It was found that the majority of the films consisted of eTther 
amorphous material or of fine-grain (below 50 A) polycrystalline material con ain 
mg isolated islands of larger grain size material. e material contain- 

Annealing of ZrN films for electrical characterization as well as for the study of 
metallurgical interaction with neighboring aluminum, silicon and Si0 2 layers was 

^c"o1andTFM naC 1 (MarShaU ^ flushed W * h ^ ified ^nTxZ 
diffraction and TEM analysis were used to investigate the microstructure of the films 

before and after annealing. The results of the resistivity measurements win™ 
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Fig, 1, 2.3 MeV *He + spectrum of a ZrN film 1300 A thick reactively sputtered onto a vitreous carbon 
substrate. The spectrum has been enlarged 15 times between 0.5 and 1 MeV. The vertical arrows indicate 
surface positions of the corresponding elements* 
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Fig, 2. Glancing-angle X-ray diffraction spectrum obtained with a Seeman-Bohlin camera and Cu Kct 
radiation of a ZrN layer (as sputtered) deposited on a sapphire substrate. 



presented elsewhere. It is interesting to note, however, that the resistive transition of 
ZrN films into a superconducting state at about 7,5-8 K provided an additional 
check on the compositional homogeneity of the films. 



3, RESULTS AND DISCUSSION 



The thin film structure under study consisted of 3300 A of aluminum 
evaporated on top of ZrN with a silicon wafer as a substrate. The RBS spectrum of 
the as-deposited structure is shown in Fig. 3(a). The origin of the signals from the 
different layers or their components are indicated. The vertical arrows mark the 
energy of a particles scattered from surface positions of the corresponding element. 
It is thus seen in Fig, 3(a) that both the zirconium and the silicon signals are shifted to 
lower energies because of the energy loss of a particles in the overlaying aluminum 
films. The series of isochronal anneals (t a = 30min) to which the samples were 
subjected left the RBS spectrum practically unchanged up to an annealing 
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temperature of 500 °C. After annealing at 550 °C for 30 min a visible change in the 
spectrum occurred. This is shown in Fig. 3(b). The zirconium signal has a tail 
extending to higher energies at 1.9 MeV and the plateau of the aluminum drops at its 
low energy side. These indicate that a reaction between the aluminum and ZrN films 
was initiated. From X-ray analysis we found that a compound, identified as Al £ 
was formed at the Al-ZrN interface. Further annealing at 600 °C for 30 min return' 
in a spectrum as shown in Fig. 3(c). A strong interdiffusion of the indivTdua, ay e r s 
has taken place as shown by the appearance of the zirconium and silicon signals at 
their respechve surface positions. The barrier has failed completely The d$£ on 

iT^LT^C^ 'r 1 *^ 0 ^ by 5 °° C if the films wer annea £d 
? ™ at 9 °? 5. pnor t0 the de P° si ^on of aluminum. The X~ray analysis of he 
faded film revealed, m addition to aluminum and ZrN, the presence of a Zr 3 Al 4 st 
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ternary compound. Furthermore, the temperature at which ZrN diffusion barrier 
layers failed was independent of the substrate temperature during the sputter 
deposition of ZrN up to at least 300 °C 

In order to have some insight into the failure mechanism of ZrN diffusion 
barrier layers, we first investigated whether ZrN films prevent silicon from diffusing 
into the surface layers. Toward this end, we evaporated 2000 k of palladium on a 
ZrN film deposited on silicon. If silicon could diffuse through ZrN, we would expect 
to detect the presence of Pd 2 Si ; since the formation temperature of Pd 2 Si is 250 °C 9 , 
it would readily form at 500-600 °C The result was negative: RBS analysis of the 
films shows no indication of Pd 2 Si formation after annealing at 600 °C for 30 min. In 
addition, the ZrN interface with Si0 2 was found to be extremely stable. For films 
deposited on oxidized silicon substrates, the RBS spectrum remained unchanged at 
the highest annealing temperatures of 600 °C 

If it is not silicon that diffuses through the barrier layer to react with aluminum, 
thereby destroying the ZrN diffusion barrier, then it is plausible that the aluminum 
is responsible for the barrier failure. Wittmer 3 suggested that, in the case of titanium 
and tantalum nitride as well as carbide diffusion barrier films, the interaction of 
aluminum with the barrier layer can result in the decomposition of that layer and the 
formation of aluminum nitride or carbide compounds respectively. In this scenario, 
the high temperature failure of the barrier is due to the formation of pinholes caused 
by the decomposition of the nitride and subsequent compound formation. 

A similar process may occur for the Al/ZrN system. Support for this hypothesis 
comes from a TEM study of our films as a function of annealing temperature. The 
measured average grain size versus annealing temperature is shown in Fig. 4. Results 
are presented for three different substrate temperatures during the sputtering of 
ZrN, It is not surprising that even during 900 °C anneals the grains remain relatively 
small (about 300 A) and independent of the substrate temperature during sputtering 
if we consider the high melting temperature 7^ « 2950 °C for ZrN. A typical TEM 
micrograph for the film annealed at 700 °C is shown in Fig. 5 together with the 
corresponding diffraction pattern. What is interesting is that for annealing 
temperatures below 700 °C a great part of most of the investigated films was either 
amorphous or of a grain size below the resolution limit of our transmission electron 
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Fig, 4. Grain size of ZrN vs. annealing temperature for an annealing time of 30 min for three different 
substrate temperatures during sputtering; o, LOO— 140 °C; O, 200°C; x y 300 °C. The shaded areas 
indicate the presence of amorphous material or material with grain size below 50 A. The vertical bar 
represents the width of the grain size distribution. 
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Fig. 5. Bright field micrograph and corresponding diffract 
silicon following annealing at 700 °C for 30 
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small (see for example ref. 13). Since we find that the reaction between aluminum and 
ZrN initiates at 500 °C, when TEM still shows the presence of amorphous material, 
we conclude that it is decomposition by reaction with aluminum and not 
interdiffusion that is responsible for the failure of ZrN as a diffusion barrier at higher 
temperatures. 

In view of the above argument, it may seem puzzling why prebaking of the ZrN 
film prior to the deposition of aluminum improves its barrier property. Indeed, there 
is no more amorphous material present after a 900 °C anneal. The clue comes from 
the resistivity measurements we have performed on ZrN films. Resistivity is an 
extremely sensitive indicator of even the minute amounts of oxygen (not seen by 
RBS) present in our films, and observation of a drop of about 35% in resistivity for 
the films annealed at 900 °C in 6.8 x 10" 7 Torr vacuum relative to the resistivity of 
the film annealed in a 99.999% pure helium furnace suggests that perhaps a trace 
amount of oxygen may stuff the grain boundaries, thus still inhibiting the diffusion. 
In addition, the high temperature prebaking may homogenize and improve the 
stoichiometry of the ZrN film. This we conclude from the decrease of the film 
resistivity with increasing annealing temperature in the range below 700 °C It is 
conceivable that the prebaking improves the thermal stability of ZrN and thus 
delays the onset of the chemical reaction with the neighboring aluminum layer. 

4. SUMMARIZING REMARKS 

To summarize, we find that the ZrN film is an excellent barrier against 
aluminum and silicon diffusion through 30 min anneals at up to 550 D C, ZrN 
diffusion barriers fail completely at 600 °C by decomposition of the ZrN by 
aluminum and formation of a Zr 3 Al 4 Si 5 ternary compound. 
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